The diaminobenzidine method for catalase showed two distinct morphological populations of renal microbodies in healthy mature cats of both sexes. Microbodies in the proximal convoluted tubules, which in this species also contain abundant neutral lipids, were polyhedral and had distinct marginal plates. Those in the remaining renal tubules, which are lipid-free, were rounder and less uniform in size. Both forms of microbodies had homogenous granular matrices without nucleoids. The morphological variations of the microbodies may depend on their association with renal lipids. The cat may serve as a model to explore functional or pathological relationships between microbodies and fat metabolism.
It is now well established that microbodies (peroxisomes) are a distinct group of membrane-bound cytoplasmic structures that contain oxidativereductive enzymes [3, 101. They have been shown to vary morphologically depending on the animal species or the organ, or both, in which they are found [lo, 1 I]. In some species, microbodies have identifying features such as marginal plates or structured cores (nucleoids). In others, absence of these morphologic markers has made it difficult to distinguish them from organelles such as lysosomes. Cytochemical techniques such as the diaminobenzidine reaction for catalase [4, 151 have demonstrated microbodies in a variety of tissues from many animal species [lo, Ill.
Most of the major studies on microbodies have been in laboratory rodents. Microbodies were briefly studied in kittens [lo] and recently were demonstrated in the mesonephric proximal tubular cells of fetal cats [24] . Both reports characterized microbodies of cats by their distinct marginal plates.
While studying the ultrastructure of the frequently seen renal lipids in mature cats [I41 we noted in the proximal convoluted tubules numerous intracytoplasmic polyhedral structures with morphologic features of microbodies. They were membrane-bound, had prominent marginal plates, and L L Fig. 1 . Proximal convoluted tubule cell from a mature, female cat with polyhedral microbodies (M) and lipid droplets (L). Prominent marginal plates border one or more sides (arrows). Inner parts (matrix) are finely granular. Inset shows limiting membrane (arrow) which is obscured in many of the microbodies because of tangential section. Kidney perfused with 2.5% glutaraldehyde. Uranyl acetate, lead citrate.
were often located around lipid droplets also in the proximal convoluted tubules ( fig. 1, 2) .
The present study characterizes renal microbodies in mature cats, illustrates their anatomical and structural relationships with renal lipids, and explores the possible role of microbodies in fat metabolism [I, 9, 131. 
Materials and Methods
Healthy, mature, pound-derived, domestic shorthair cats of both sexes maintained on 'Purina Cat Chow' (Ralston Purina Co., St. Louis, Mo.), and water, free choice, were used.
Light Microscopy
Kidneys were removed from cats lightly anesthetized with sodium pentobarbital. Blocks of renal cortex about 3-5 mm thick on an edge were fixed by immersion for 3 h in cold (4°C) 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, containing 0.05% calcium chloride. Tissue blocks were washed and stored for 18-24 h in cold (4°C) 0.1 M cacodylate buffer, 7.4 pH, containing 0.22 M sucrose. Blocks were mounted on a cryostat and sectioned at 10 pm. Free-floating sections were collected in cold cacodylate buffer prior to incubation [17] .
The catalase incubation medium contained 20 mg diaminobenzidine tetrahydrochloride, 9.3 ml 0.05 M propanediol buffer, pH 9.0 (adjusted with 1 N NaOH), 0.5 ml 0.1 M KCN and 0.2 ml 2.5% H,O, (freshly prepared from 30% solution), combined in the order given and used immediately after preparation. Distilled water was substituted for hydrogen peroxide in the control incubation medium. In catalase inhibition studies 0.1 M aminotriazole (catalase inhibitor) was added to the diaminobenzidine medium [16] . The freefloating sections were incubated in complete diaminobenzidine, control and inhibitor media at 37°C for 120 min, washed in cacodylate buffer, and mounted unstained in glycerine jelly [ 171.
Electron Microscopy
Thin strips of tissue were removed from the renal cortices and fixed for 3 h in cold 
Results
Numerous catalase-positive granules were seen by light microscopy in the proximal convoluted tubules in bofjl frozen and plastic-embedded fixed sections of renal cortical tissue that had been incubated in diaminobenzidine medium. There were fewer less prominent granules in other tubules ( fig. 3 ). Ultrastructurally, in diaminobenzidine-incubated sections, the microbodies had dense reaction product for catalase in their matrices and along marginal plates ( fig. 4) . The catalase-positive bodies were seen throughout the nephron but they differed morphologically depending on the tubular segment in which they were located. In the lipid-laden proximal convoluted tubules, the majority of the microbodies were polyhedral with distinct marginal plates bordering one or more sides of the bodies. They were about 0.3 pm wide and 0.8 pm long. Some were distributed throughout the cytoplasm of these cells, Fig. 4 . Electron micrograph of kidney section from figure 3 shows polyhedral microbodies in three proximal convoluted tubules with dense reaction product for catalase. These correspond to the catalase-positive granules seen by light microscopy. Immersion fixation, diaminobenzidine reaction, lead citrate. but many were around or in direct contact with fat droplets ( fig. 5 ). Microbodies in the lipid-free tubules, including the thin segments and distal convoluted tubules, tended to be spherical and more variable in size and were 0.15-0.8 pm in diameter. The marginal plates in these forms usually consisted The marginal plates of two bodies appear to be in contact with the lipid droplet. Immersion fixation, diaminobenzidine reaction, lead citrate. Fig. 6 . Section through a non-lipid-containing segment of the nephron shows that the microbodies tend to be round and vary more in size than those in the lipid-containing proximal convoluted tubule. Short segments of marginal plates border one side (arrows). Immersion fixation, diaminobenzidine reaction, lead citrate. Fig. 5-6 of a single short segment bordering one side ( fig. 6) . All the microbodies seen in this study had homogenous granular matrices; structured cores (nucleoids) were not seen.
In control studies in which either aminotriazole (catalase inhibitor) was added to the diaminobenzidine medium or hydrogen peroxide was left out, reaction product was not seen in any of the microbodies. In diaminobenzidineincubated tissues the intensity of staining for reaction product varied from section to section. This was attributed to the depth of the section penetrated by the diaminobenzidine medium and perhaps to some variability in the amount of active catalase present in each microbody. Microbodies in unstained sections that were fixed in osmium tetroxide had abundant reaction product. This indicated that the diffuse densities were not lead stain precipitate ( fig. 7) . Microbodies in sections fixed by immersion were morphologically identical to those in an earlier study [14] in which tissues were preserved with glutaraldehyde introduced through the renal arteries ( fig. 1, 2) .
Discussion
The catalase content of these pleomorphic bodies in cat kidneys indicates that they are microbodies as defined by others [4, 7] . This cytochemical study also illustrates that in cats there are two morphologically distinct populations of renal microbodies. One, large and polyhedral, predominates in the proximal convoluted tubules; the other, a smaller rotund body, occurs in the remaining tubular segments of the nephron. The quantity of catalase-positive microbodies appeared to be much higher in the proximal convoluted tubules than in the other tubules. This observation was best appreciated in the material studied by light microscopy (fig. 3 ). Although microbodies have been shown to abound in the proximal convoluted tubules in other species [2, 23, 24] , distinctive populations in various tubular segments of the kidney, as in cats, have not been reported. Cats do differ from other species in that many possess abundant renal lipids consisting primarily of triglycerides, cholesterol and cholesterol esters [6, 141. The lipid grossly imparts a light yellow color to the renal cortices and microscopically appears as numerous clear vacuoles in the proximal convoluted tubules ( fig. 3) [5, 121. The mechanism and significance of the lipid accumulation has been a source of controversy and is being investigated in our laboratory.
The proximity of lipid droplets and microbodies in the proximal convoluted tubules of cat kidneys may be significant, since microbodies have been identified in cells known to be involved in the synthesis or metabolism of cholesterol, steroids, and lipids [l, 113. It is possible that the morphologic differences in the renal microbodies in cats may be associated with the presence or absence of fat in the renal tubules. Studies [18, 191 in other species indicate that the size, shape and quantity of microbodies reflect the amount and type of enzymes in them. In rodents several drugs that cause hypolipidemia [8, 181 are known to raise the quantity of and produce morphologic changes in hepatic microbodies. It is therefore, possible that specific quantitative or qualitative differences, or both, that might be associated with lipid metabolism exist between the two renal microbody populations. The microbody-related enzymes, catalase and D-aminoacid oxidase, have been reported to occur in cat kidneys [ 101. Enzymes specifically associated with fat metabo-lism, such as carnitine acetyltransferase, have been demonstrated in the microbodies of rat and pig livers but have not been looked for in the cat [13] . Detection of enzymes associated with lipid metabolism would support the above hypothesis. Additional investigations concerning the different populations or quantities of microbodies in cat kidneys containing little or no fat, and the effect of hypolipidemic drugs on microbody populations, would further elicidate any lipid-microbody relationships.
This study indicates that the cat would be a very useful model to explore any possible functional or pathological relationship between microbodies and fat metabolism. Feline renal microbodies in the proximal convoluted tubules are abundant, easily seen without special marking procedures, and exist with large amounts of neutral lipids.
